Background: Gestational diabetes increases the risk of maternal and infant complications and long-term health effects. A study of differences in the incidence of gestational diabetes between women of Turkish and German origin can identify high risk groups and may indicate the need for culturally sensitive diabetes information and treatment during pregnancy. Method: We analysed all pregnancy related health insurance data from the AOK Berlin (a statutory health insurance in Berlin) based on data from 2005 to 2007, using a name algorithm to identify cases with Turkish migrant background. A group of German women insured with the AOK Berlin served as a comparison group.
Results: After exclusion of miscarriages and multiple births the data set comprised 3338 pregnancies in total. The incidence of gestational diabetes was significantly higher in women of Turkish origin with 183 per 1000 pregnancies than in German women (138 per 1000 pregnancies). Regression analyses showed that women of Turkish origin with obesity were at the highest risk of gestational diabetes (OR = 2.67; 95% confidence interval 1.97-3.60). Conclusion: Obesity is an important factor in explaining the higher incidence of gestational diabetes in women of Turkish origin, especially among young Turkish women. These findings should stimulate discussion as to whether or not information about risk factors such as diabetes within the scope of prenatal care adequately addresses the needs of migrant women. Further research is needed to identify potential differences in undetected and primarily in insufficiently treated gestational diabetes between Turkish and German women. Background ! Gestational diabetes is defined as a glucose intolerance that occurs or is detected for the first time during pregnancy [1] . A gestational diabetes that is recognised too late or not at all and therefore remains untreated significantly increases the infantʼs risk of intrauterine death, foetal macrosomia with diabetic fetopathy or premature birth [2, 3] .The consequences of gestational diabetes during pregnancy for the mother include mainly hypertension caused by pregnancy and preeclampsia. Furthermore, there is the risk of a later manifestation of diabetes mellitus in the mother [1] . From the viewpoint of life course epidemiology [4] gestational diabetes also increases the risk of health-related damage in the childʼs later years, such as overweight and obesity in childhood and adolescence [5] . The German perinatal registry, which includes almost 99 % of births in German hospitals, reports 22 000 cases of gestational diabetes for the year 2009 (3.4 % of all pregnancies) [6] . An estimated 90 % of all gestational diabetes cases, however, are not detected at all, mainly because there is no routine screening for gestational diabetes as part of prenatal care in Germany [6] . The prevalence of gestational diabetes in Germany is estimated to be as high as 8 % [3, 7, 8] . In high risk groupswhich may include women from migrant backgroundsthis is presumably even higher. A few studies from Germany and Austria indicate differences in the incidence of gestational diabetes between migrant women and the general population. According to these studies women from Turkey, but also from eastern Europe and from the Mediterranean countries, seem to be particularly at risk [7, 9, 10] . Studies from the USA also identify clear ethnic differences in the prevalence of gestational diabetes with increased number of incidences primarily in women of Asian origin [11] [12] [13] . Amongst the risk factors for gestational diabetes, overweight and obesity have the greatest impact and at the same time also pose a particular challenge in terms of caring for expectant mothers [14] . These problems may be the result of a lack of physical activity and a diet that is too high in calories. Maternal age and the existence of gestational diabetes in a previous pregnancy are also important risk factors. In addition, there are indications that the ethnic background and type 2 diabetes in the family significantly increase the risk of gestational diabetes [15] . Ethnic differences in the occurrence of gestational diabetes may possibly be explained in part by differences in the prevalence of obesity [16, 17] . In Germany obesity in female Turkish migrants is more prevalent than in the general population [18, 19] . This study is an investigation based on the records of the AOK Berlin, to determine whether there are any differences between Turkish and German women with regard to: " the incidence of gestational diabetes, " the frequency of selected risk factors for gestational diabetes, " the birth outcomes of women with and without gestational diabetes.
Methods

!
Data records
For the present study all pregnancy-related health insurance data of the AOK Berlin from the years 2005 to 2007 have been evaluated. We based our investigations on anonymised historical data of the insured, hospital case data and hospital diagnoses (original source: UB KH accounting results data) and outpatient diagnoses (original source: Association of Statutory Health Insurance Physicians). The expectant mothers insured year-round with the AOK Berlin were extracted from the total data set by an employee of the AOK Berlin using various pregnancy markers such as single pregnancy, multiple pregnancy or miscarriages. The information was complemented with details about the surviving (also) insured children. In the preliminary stages an extensive preparation of the data records was necessary, because the data of the AOK were contained in different Excel files, divided on one hand into those for the purpose of the different range of care provisions and on the other hand into ICD diagnoses and health services settled. As for the data from the hospitals, in general the hospital discharge diagnoses were used to determine the study population. However, since the diagnoses important to us were in part to be found in the main and secondary diagnoses, all three diagnosis categories had to be compared with one another and had to be amended. Following the plausibility check and preparation the different data records were combined by way of an individual pseudo-insured identification number. Ethical approval was not required for this study, as the criteria of the "Good Practice Secondary Data Analysis" (GPS) of the German epidemiological associations was fulfilled. In accordance with this, in all phases of the study the regulations of data protection for secondary data analysis were observed. Anonymised data were used for the evaluation, so that a re-identification of persons was not possible.
Inclusion/exclusion criteria
The raw data set consisted of 4820 pregnancies. The main inclusion variable in this study was the diagnosis "single pregnancy" from the main, secondary or discharge diagnoses in the hospital records.
In this analysis the following data records were gradually excluded and have therefore not been taken into consideration: " miscarriages, foetal deaths, stillborn infants (singletons), extrauterine pregnancies, hydatiform moles (n = 596), " more than one pregnancy or settlement for one woman in the period 2005-2007 (n = 420), " multiple pregnancies (n = 44), " no non-ambiguous allocation of "singletons" possible (n = 4), " mother older than 52 or younger than 15 at the time of birth (n = 5), or age missing (n = 196), " inconclusive diagnosis of gestational diabetes (n = 217).
Ultimately the data of 3338 pregnancies of women insured with the AOK Berlin were included in the analysis.
Definition of outcomes
Gestational diabetes was identified in the diagnosis-related accounting data using the ICD Code O24.4, "Diabetes mellitus occurring during pregnancy". The main problem here was the overlap with other diabetes diagnoses. For example, of the total number of 751 cases (20.4%) with the diagnoses O24.4 only 534 (16.0 %) were included in the analysis as overlaps with the gestation-related diabetes diagnoses. The rest was excluded. "Diabetes mellitus in pregnancy, unspecified (O24.9)" (n = 59), "Diabetes mellitus in pregnancy: Already existing Diabetes mellitus type I (O24.0)" (n = 20) or "Diabetes mellitus in pregnancy: Already existing Diabetes mellitus type 2 (O24.1)" (n = 9) were present. Moreover, cases of gestational diabetes with the diagnoses "Type 1 diabetes" (n = 114), "Type 2 dia-betes" (n = 34) or "Diabetes, unspecified" (n = 38) were also excluded. These cases were excluded because the chronology of the occurrence of the disease could not be determined. We describe the incidence of gestational diabetes in this study as newly occurring cases of gestational diabetes per 1000 pregnancies in the period 2005 to 2007.
Determining the migration background
Since no reliable data about the migration background are recorded in the data of the AOK, a name algorithm was used to distinguish between women of Turkish origin and those of non-Turkish background, based on their first names and surnames. The name algorithm consists of an SAS program that identifies definite and potential Turkish cases. In an additional "manual" part those cases that were identified as potentially Turkish were again individually checked and evaluated on site by a staff member of Turkish origin. The performance of the algorithm was determined in an earlier study by way of a manually produced gold standard which proved to be very reliable (sensitivity and specificity > 97.5 %) [20] . Further details about the algorithm are described elsewhere [21, 22] . In order to comply with data protection the name algorithm was used under the direct supervision of the AOK Berlin. In this study we examine those persons whom we were able to identify as being of Turkish origin based on their names as persons with a Turkish migration background. They are referred to in the following as "of Turkish origin". As a comparison group a total of 2418 pregnancies of German women were selected by way of a pseudonymised insurance number from the database of the AOK Berlin. Defined as German were all those women identified as 'German' based on the AOK nationality tag and who were identified as "non-Turkish" according to the new origin characteristic of the name algorithm.
Statistical analysis
The data analysis was performed with the statistics program SAS (Statistical Analysis System, SAS Institute Inc., Version 9.2). Stratified analyses stem from the contingency tables. The characteristics were investigated using the χ 2 test for statistical associations. All computed p-values are two-sided. No corrections for multiple testing was used. The findings must therefore be regarded as purely descriptive. In addition, binary logistic regression models were calculated for the probability of the occurrence of gestational diabetes and were adjusted for important risk factors. In a multiple model it was investigated whether the migration background has an independent impact on the occurrence of gestational diabetes after adjustments for the age of the mother and for obesity. Furthermore, one focus of the study was to assess the joint effect of migration background and obesity on the occurrence of gestational diabetes. Therefore an interaction term (migration status [of Turkish origin/German] * obesity [yes/no]) was created via a dummy variable. This was analysed on the one hand adjusted in the binary logistic model according to age and, on the other hand, stratified for the three age groups (under 25, 25-34, over 34). Further possible confounders, such as socio-economic status, could not be tested due to the large number of missing data or because the variables were not available in the data records.
Findings
!
The characteristics of the study population based on maternal origin are shown in l " Table 1 . Significant differences between Turkish and German women appeared in the age distribution of the mothers. For example, the proportion of pregnant women under 25 was lower for the Turkish women compared with German women, while in the over 34 age group the proportion was slightly higher (nearly 16 %) than that for German women (15.5 %). The proportion of women with excessive weight gain or a preeclampsia during pregnancy, as well as the proportion of premature births, was significantly higher for Turkish women than for German ones. The prevalence of obesity (nearly 18 %) was slightly higher in Turkish women. No significant differences between Turkish and German mothers were found with regard to the diagnosis "overweight newborn" and the type of delivery. l " Table 2 shows the number of incident gestational diabetes cases and the incidence per 1000 pregnancies in the period 2005 to 2007 based on the motherʼs origin and stratifies according to selected risk factors and birth outcomes. There was a significant difference in the total incidence between women of Turkish and German origin; for women of Turkish origin there were 183 per 1000 pregnancies in the period 2005 to 2007 (n = 301) compared with 138 per 1000 pregnancies for German women (n = 233) (p < 0.01). Examining the incidence stratified according to age, showed that the incidence is particularly high in the group of women of Turkish origin over 34 years of age compared with younger age groups and with German women (226 per 1000 pregnancies). There is a higher incidence of gestational diabetes in Turkish women with obesity (287 per 1000 pregnancies) and excessive weight gain during pregnancy (733 per 1000 pregnancies) compared with German women (194 and 278 per 1000 pregnancies, respectively). Despite significant differences in the proportion of premature birth, the incidence of gestational diabetes in women of Turkish origin is comparable with that of German women with a premature birth (130 per 1000 pregnancies). The findings of the regression analyses are shown in l " Table 3 .
The factor "Turkish origin of the mother" has a statistically significant impact on the existence of gestational diabetes both before and after adjustments for age and obesity. Women of Turkish ori-gin had a 40 percent higher probability of gestational diabetes than German women (OR = 1,4; 95 % Cl = 1.12-1.63). In addition, the probability of gestational diabetes increases with age. The single largest factor for the occurrence of gestational diabetes was obesity (OR = 1.9; 95 % CI = 1.5-2.4). As the descriptive findings point to an assiciation between Turkish origin and obesity, we investigated the impact of this possible interaction on the risk for gestational diabetes in a regression model (l " Table 3 ). Adjusted for maternal age, Turkish women with obesity had the highest probability of developing gestational diabetes, compared with German women without obesity (OR = 2.67). The odds ratio was higher than in German women with obesity (OR = 1.66) and even significantly higher compared with Turkish women without obesity (OR = 1.3) . A further age stratification shows that, compared with the other age groups, primarily obese women of Turkish origin under the age of 25 had a clearly increased chance of developing gestational diabetes (data not presented).
Discussion
!
This study is the first to describe the occurrence of gestational diabetes comparing Turkish and German women in Germany based on statutory health insurance data from the AOK Berlin. Besides known risk factors for the incidence of gestational diabetes, such as age or obesity of the mother, being of Turkish origin is shown to be another independent risk factor. The risk of women of Turkish origin is particularly increased if they are obese. On the basis of data from the period 2005 to 2007 we were able to establish significant differences between women of Turkish origin and women of German origin in terms of the incidence of gestational diabetes. This finding is consistent with other studies from Germany and Austria [7, [9] [10] . Moreover, our evaluation points to a particular group at risk of gestational diabetes: young, Table 2 Frequency of gestational diabetes based on origin of mother, stratified for selected risk factors and pregnancy and birth outcomes; accounting data from AOK Berlin (n = 3 338). Turkish women with obesity had the highest chance of developing gestational diabetes. The interpretation of the differences in the occurrence of gestational diabetes is subject to limitations resulting mainly from the structure of the data records. Because the data of the health insurers are collected for purposes other than scientific evaluation, important information such as socio-demographic and anamnestic data is partly missing. It was therefore not possible, for instance, to include the potential impact of the socio-economic status of the expectant mothers on the occurrence of gestational diabetes in this analysis. Furthermore, information about other important risk factors for gestational diabetes, such as data relating to miscarriages, a family history of diabetes mellitus type 2 or whether gestational diabetes was already present in a previous pregnancy, is also lacking. Hence, it cannot be ruled out that the increased gestational diabetes incidence in migrants of Turkish origin in our study is due to an increased prevalence of other risk factors for gestational diabetes in this group which has not been investigated here. A further uncertain factor is the unverifiable validity and precision of the documentation of certain information. The insurance accounting data, especially in the outpatient area, are based on the documentation of physicians and therefore dependent on their coding behaviour. Hence, when using "accounting diagnoses" clear inclusion and exclusion criteria for the investigated population must be stated [23] . In our study we have chosen a conservative method and have excluded all women who had more than one ICD code for a diabetes diagnosis or had inconclusive diagnoses. A further validation of the diagnoses was not possible in this study. Notable in our study is the very high incidence of preeclampsia. In this respect an overestimation appears possible, which may be connected with the coding behaviour of physicians. However, we have no indication that this potential distortion differs in frequency between the Turkish or the German study subjects. The comparisons between the two groups are therefore valid. The data is only representative of women living in Berlin and insured through the AOK. Applying these results to the entire population is not possible on the basis of this study, as the study population may differ from the general population in terms of socio-economic and other individual factors.
Despite these methodological limitations this study also has several strengths. We had person-related instead of case-related dataas in most routinely collected data sets. Hence we were able to combine and evaluate all relevant information relating to the individual across all sectors. In addition to this the risk of systematic selection effects is comparatively low. This can be ascribed on the one hand to the high degree of completeness in relation to the target population. For example, in this study all Turkish women insured with the AOK Berlin in the period 2005 to 2007 with a live-born singleton infant were included. On the other hand, because of the routine documentation type bias due to selective non-responses of the study population or bias through selective information given by study participants can be ruled out for the most part [24] . The data of the AOK Berlin do not contain any information on the migration background of the insured women. One of the strengths of this study is the use of a name algorithm to differentiate between Turkish and non-Turkish origin, whereby women of Turkish origin but with German citizenship could be included, and the fact that this information could be used in connection with the diagnoses of gestational diabetes and potential risk factors.
We were able to show that obesity plays an important role in explaining the higher incidence of gestational diabetes, especially in young women of Turkish origin. Targeted preventive measures for these women should start before a pregnancy or, at the very latest, at the beginning of a pregnancy. Furthermore, this should be an important target group for receiving specific information on gestational diabetes provided by the gynaecologists accompanying the pregnancy as part of prenatal care. Even if Turkish migrant women do not necessarily attend prenatal care less frequently, there are indications for deficits in the care process of prenatal care for foreign women [25] . Here, language problems and differences in the understanding of health and disease on the part of expectant mothers with a migration background represent important barriers which may be detrimental to the care process. As the care of patients with (gestational) diabetes demands thorough education and high compliance, future studies should investigate whether the differences in the incidence of gestational diabetes and subsequent birth outcomes between migrant women and non-migrant women are due to barriers to the provision of care or deficits in prenatal care, that might be associated with a reduced adherence and compliance among women of Turkish origin.
